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Abstract—This paper explores the current electric vehicle 
landscape in Australia and briefly examines the current 
research on smart charging. From this, a concept for a customer 
charging interface is proposed with additional features 
suggested to improve use-ability by a wide range of consumers.  
Next, strategies for accurately modelling the energy 
management of electric vehicles are advised to allow for the 
proper analysis of different charging schemes. A charging 
strategy with a dynamic pricing scheme to allow flexible 
charging options for the customer is then developed which has 
the potential to be implemented relatively easily. To conclude 
the paper, recommendations are made to fully realise the 
benefits of grid-integrated electric vehicles. 
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I. INTRODUCTION 
The re-emergence of electric vehicles is heralding a new 
age of transport and energy as concerns for climate change 
and limited fossil fuel supplies drive the development of more 
efficient modes of transport. Electric vehicles (EVs) were 
first built in 1891 following the popularisation of electricity 
and shared the market with internal combustion engine (ICE) 
cars. However, ICE vehicles were initially favoured over 
electric vehicles due to the availability of gasoline and the 
limited range of EVs [1] . 
In more recent times, there has been an increasing need to 
shift to more low emission sources for both financial and 
environmental reasons. With rising oil prices and Australia’s 
transport sector producing substantial carbon emissions, 
electric vehicles (EVs) are once again becoming a viable 
alternative to petrol driven cars. EVs don’t require fuel and 
instead receive their power from power stations and 
renewable energy sources. When receiving power from the 
latter, they can be considered zero emission vehicles. They 
are ideal for metropolitan areas as they produce no airborne 
particles, produce less noise pollution, and have less service 
requirements than ICE vehicles [2]. 
The main concern with an increased uptake of EVs is an 
increase in load on the power grid [3]. Numerous studies have 
been conducted to evaluate the potential impact of EV 
charging on power distribution systems. Articles 
[4],[5],[6],[7], and [8] investigate the impact of EVs (both 
hybrid and fully electric) on power systems and find that the 
system is likely to suffer an increase in peak load as well as 
increased power losses if the vehicles are charged in an 
uncontrolled manner. Paper [9] explores the effect EVs will 
have on distribution congestion and reports that distribution 
congestion is likely to occur if EV uptake is greater than 11% 
(that is, 11% of residential cars are electric vehicles).  
Further studies have investigated a variety of systems to 
efficiently charge EVs. The most commonly proposed 
method of mitigating the impact of EVs on the power grid is 
to use emerging smart grid technology to charge the vehicles. 
There are various definitions of what exactly constitutes a 
smart grid but the general consensus is that a smart grid is a 
self-healing electrical network that intelligently integrates 
households (and other users) connected to the grid thus 
encouraging customers to have an active participation in their 
energy needs. This results in a more efficient, sustainable 
form of energy supply [1]. 
Currently in Australia, smart grid technology is still in its 
early stages. Victoria first introduced smart meters into 
residential homes in September 2009, and several other 
power companies (Essential Energy, Ausgrid, and Endeavour 
Energy) have undertaken trials involving advanced metering 
technology in the last decade. Despite the numerous benefits 
this technology can offer customers, concerns for loss of 
privacy and control over electricity demand has discouraged 
consumer engagement in smart grid initiatives [10]. 
For the successful integration of electric vehicles into the 
smart grid to be possible, it is essential that customers are 
encouraged with clear information and financial incentives to 
responsibly manage the smart charging of their car.  
Customers will require information regarding their energy 
consumption and real time pricing information via in-home 
and in-car displays with programs that require them to make 
the fewest explicit decisions [10]. 
 The purpose of this paper is to examine the existing 
research into the future potential of EVs and use this 
information to guide the development of a user interface for 
EV customers, a model for energy management of EVs 
connected to the smart electricity grid, and control strategy 
for grid-integrated EVs. This will be used to identify a range 
of recommendations for consideration that will help in fully 
realising the benefits of grid-integrated EVs. 
II. EXISTING RESEARCH AND PROPOSED 
STRATEGIES 
As previously mentioned, customer engagement is 
essential to realising the full benefits of grid integrated 
electric vehicles. Several studies have been conducted to 
gauge people's attitudes towards EVs (i.e. purchase 
motivations, preferred charging style) and understand what 
barriers need to be overcome to increase their uptake. Articles 
[11] and [12] showed that running costs, environmental 
impact, and ease of charging were important factors in 
considering the purchase of an EV. Article [13] also 
elaborated on the necessity of having a charging point at 
home as well as the option for fast charging and found that 
the top three incentives for purchasing an electric vehicle 
were tax exemptions for the car, free parking and toll 
discounts.  
 Some of the research into electric vehicles has been 
examining the link between a battery’s state of charge (SOC) 
and the load profile of the grid. Theoretically, a battery 
charges at the same rate of energy demand regardless of SOC 
when charging with constant power. This is confirmed in 
articles [14] and [15] where it is shown that the grid will 
experience a constant level of load for the time the car is 
charging. The latter paper further explores the demand profile 
of an EV battery charging under different conditions. It 
showed, via both simulation and with real components, that a 
constant current charging scheme results in up to an 11.4% 
increase in load when charging approaches working voltage 
(ie 90% charge). This can be explained by the battery’s 
increase in voltage as it approaches full charge (as the current 
is constant, an increase in voltage will result in an increase in 
power). These articles also confirmed that decreasing the 
efficiency of the charger resulted in an increased charging 
time and recommended that the SOC gets no lower than 20% 
for battery health.  
The uncontrolled charging of EVs (often referred to as 
dumb charging or on demand charging) has been extensively 
examined and is often used as a baseline for comparing the 
impacts of different smart charging schemes on peak load.  
Unlike dumb charging, smart charging endeavours to 
minimise peak load and flatten the overall load profile 
through a variety of methods. [16] One of the more simple 
smart charging methods is load offsetting which encourages 
customers with financial incentives to charge after peak time. 
In Victoria, the demand management research project 
examined how easily such a strategy could be implemented. 
They found that delaying the charging of cars to off-peak 
periods was sufficient to manage the extra load on the system. 
Qualitative research was also undertaken to gauge customer's 
attitudes towards smart charging. The report showed that 
financial incentives would encourage off peak charging and 
that simple user interfaces allowed for better charge 
management [17]. 
In Queensland, Ergon energy has just completed a similar 
project and determined that managing peak demand by 
providing customers with more charging options was a valid 
strategy. The trial also highlighted the impact that driving 
habits would have on charging behaviour (customers who had 
to drive farther preferred on demand charging) [18]. The 
findings for both trials showed the potential of load offsetting 
to create an unwanted second peak which is not ideal. 
The smart charging of electric vehicles is still an 
emerging area of study. As such, most of the current research 
into more complex methods is purely simulated. A variety of 
different smart charging methods have been theorised, one 
being coordinated charging [19-21]. The general aim of 
coordinated charging is to charge cars in a manner that 
flattens the load profile of the power grid over the course of 
the day. Article [19] uses an optimization algorithm 
formulated to minimize variations in the power load from the 
mean. This optimization model resulted in a flattened load 
profile due to EVs being scheduled by the program to charge 
in off peak times.  
Articles [21], [22], and [23] examine the efficiency of the 
real-time coordination of EV charging with a time of use 
tariff initially sorting the vehicles into different priority 
zones. As mentioned previously, customers desire the ability 
to control how their cars are charged so a method like this 
could be easily implemented. 
Another important component of smart charging that has 
been investigated is vehicle to grid (V2G) and vehicle to 
home (V2H) charging. That is, using an electric vehicle's 
battery as a distributed energy storage resource [24]. Article 
[24] examines the potential benefits of using EV batteries as a 
storage device for the smart grid which includes load shifting, 
outage protection, and peak shaving. The paper also examines 
how the integration of EVs into the smart grid could mitigate 
the negative impacts of fluctuating renewable sources (solar 
and wind power) and highlights possible challenges to 
successful V2G integration. Article [25] discusses the 
potential of V2G capable vehicles to make grid management 
cheaper and power more reliable and stable through acting as 
storage for renewable energy sources and replacing time 
critical services such as spinning reserves. The potential of 
V2G and renewable energy integration is also explored in 
article [26] which supports the theory that V2G technology 
reduces system costs for energy providers. It also raises the 
issue of battery degradation due to constant charging and 
discharging and suggests that battery cycle life needs to be 
improved before V2G strategies can be financially beneficial 
to car owners.  
III. DEVELOPING A USER INTERFACE FOR 
CUSTOMERS 
Based on the information yielded from consumer surveys, 
running costs and convenience of charging are very important 
factors in the decision to own an electric vehicle. Thus an 
intuitive charging interface is necessary for controlling how 
the electric vehicle will be charged. The monitor’s interface 
will have to be convenient and simple for the customer to use 
as well as give them full control over how their car is 
charged, especially in regards to charging cost. For this to be 
possible, the car owner will need to be supplied with the 
following information via the interface: 
• State of Charge of the battery 
• Condition of the grid (i.e. if it’s at peak load, 
whether it has the ability to charge the car 
battery) 
• Whether the grid/home can receive power from 
the battery 
• Pricing (how the charging price will change 
depending on the impact of the grid -> pricing 
curve should be similar to the shape of the 
expected load profile) [27] 
• Car’s electricity consumption by hour, day and 
week (tracking when the car is actually being 
charged) 
• Average charging time/cost for car 
• V2G/V2H charging statistics 
• Further information which may benefit customer 
includes:  
• Comparison of the car’s energy consumption to 
other cars  
• Bill forecast for the car  
• Budget target (to help manage costs)  
• Advice on saving costs on charging and battery 
power 
For the monitor to provide advice on saving battery 
power, it would need to have GPS functionality. This would 
enable the monitor to keep a log of the car owner’s driving 
patterns and habits, and then suggest changes to their driving 
such as providing more efficient driving routes. 
The interface would also allow the customer to input a 
range of information which would optimise the charging 
scheme for their car. This information would include desired 
charging time (i.e. what tariff they wish to charge on), 
whether they want to opt-in for V2H/V2G charging, expected 
departure time (to ensure their car is charged in time), and 
expected driving time/distance before charging again. This 
information, as well as the predicted load on the power grid 
would enable the car to be charged in the most optimum 
manner. 
The in-car monitor would hopefully have a few language 
options as well as larger font options for people with visual 
impairments, with the interface being audible if needed to 
ensure that it is accessible to a wide variety of people. After 
the system has been in place for a while, prepaid charging 
schemes could possibly be implemented for users with a 
regular charging pattern which would result in a predictable 
load demand. There is also the opportunity for the 
development of a phone/tablet application which could act as 
an in-home interface for the charging station and car monitor, 
conveniently allowing the customer to check on their car 
from inside their house. 
For V2G and V2H capability, it is essential that the car's 
power supply is bidirectional in nature. That is, the car's 
inbuilt inverter which is used convert the battery power to AC 
current to power the motor should also be able to supply 
power from the battery to the home or grid. It is also 
important that it matches the voltage and synchronizes the 
resulting signal to line phase [28]. The in-car monitor would 
be able to communicate with the inverter as the V2G/V2H 
capabilities are to be used at the customer's discretion to 
ensure sufficient battery reserves in the event the car needs to 
be driven for an emergency.  
IV. MODELLING THE ENERGY MANAGEMENT 
OF ELECTRIC VEHICLES CONNECTED TO THE 
SMART GRID 
For the purposes of this paper, only the activity of 
residential cars and at home charging will be considered for 
energy management. Several factors need to be considered 
for modelling driver behaviour. These include driving 
distance, driving and plug-in time, time of day (as congestion 
usually occurs at specific times during the day), day of the 
week, and battery SOC. Micro simulation software such as 
MATSim [29] can be used to provide data representing 
individual cars plugging in to charge.  
Spatial modelling can also be incorporated if it is 
predicted that certain suburbs would have a greater 
percentage of electric vehicles [5, 7]. This information is then 
combined with existing data for the charging profiles of EVs 
(charging time, load while charging) to yield an approximate 
model of vehicles connected to the grid. 
The effects of different charging schemes can then be 
simulated using this model through software such as 
MATLAB [23]. For proper comparison, the system's load 
profile without EV charging and the system's load profile 
with dumb charging could both be used as baselines to 
determine the effectiveness of different charging strategies at 
flattening the load profile. The load profile data would come 
from existing information from power companies to ensure 
accurate results. It’s expected that different regions would 
have different load profiles due to factors such as customer 
demographics, geography and weather. 
V. DEVELOPING A CONTROL STRATEGY FOR 
GRID-INTEGRATED EVS 
The main objective of the charging control strategy is to 
minimise costs for both the customer and power provider. 
Thus the scheme should encourage car owners to charge off 
peak where charging costs will be decreased. Customers will 
be given the option to select the time they wish their car to 
start charging, this decision will be based on the maximum 
rate they’re willing to pay for charging their car (as 
mentioned previously they will be given an hourly pricing 
guide). They will also have the option to opt-in for vehicle to 
home/grid charging during peak (if the charging time they 
selected was not during peak hours).  
The pricing scheme would likely be based on an existing 
tariff of the energy supplier. For this paper, Ergon’s pricing 
tariffs will be used as a basis. During peak hours, the 
charging price would be close to the highest tariff and 
conversely during the time when the load on the grid is at its 
lowest the charging price would be closer to the lowest tariff. 
Depending on people’s preference for particular charging 
times, it is expected for this pricing scheme to change on a 
monthly, weekly or even daily basis to discourage the 
creation of secondary peaks.  
Once the car is plugged in to charge, the monitor will 
check if it is the desired charging time. If so, it will then 
check if the load on the power grid is less than a certain value 
(i.e. 95% of peak load) and commence charging if it is less 
than this value. 
During peak time the car will provide power to the house 
to reduce some of the peak load if permitted by the car owner 
and not already charging. With vehicle to home charging, it is 
ideal that a certain percentage of charge remains in the 
battery in the event that the vehicle needs to be used in an 
emergency. As the recommended charge remaining in the 
vehicle is 20% for battery life [15], a minimum SOC of 30% 
should be sufficient for emergency trips. Since it is assumed 
that the house already has smart grid infrastructure in place, 
the in-car monitor and power supply would also be able to 
detect if there is an increase in load from the house (such as a 
washing machine turning on) and compensate for this load 
increase. 
Otherwise, if the grid allows for charging of a customer’s 
vehicle before their desired charging time, the car will charge 
at half load until fully charged or until the desired charging 
time is reached from which point it will continue to charge at 
full power.  
Figure 1 below shows a breakdown of the charging plan. 
In the figure, "X" represents the maximum system load that 
will allow for charging (which would be 90-95% of the peak 
load), and "Y" represents the minimum SOC of the battery 
(~30% to allow for emergency trips).  
Another charging option which could be explored more in 
the future is using refurbished EV batteries as an extra 
charging source for the car. These batteries could be charged 
from the house during the day via the grid or the house’s own 
solar panels, if present. In the afternoon/night the car could 
then be charged mostly from the extra batteries without 
impacting on peak load. 
 
 
Figure 1 - Simplified Diagram of Charging Scheme for Individual Car 
VI. CONCLUSIONS AND RECOMMENDATIONS 
As one can see, there is still a lot of research to be done in 
the field of electric vehicle integration and, while simulated 
research have seen encouraging results, more real world 
testing needs to be done to confirm these outcomes. The 
possibilities for V2G and V2H technologies in particular are 
looking very promising. 
In order to fully realise the benefits of the grid-integration 
of EVs, it is highly recommended that a flexible car charging 
scheme is implemented with the option for owners to provide 
power from their car to their house or back into the grid. This 
ensures benefits for both the power company and the 
customers, the customers are able to save money and have 
more control over their charging habits while the power 
company experiences less strain on the power grid. 
Further research into improving the grid-integration of 
EVs involves investigating the practicality of EV batteries as 
storage for renewable energy sources, considering factors 
other than system load and customer preferences in 
scheduling the charging of vehicles, and exploring the 
benefits of other smart charging technologies. As this paper 
serves more as a guide for developing an efficient charging 
system for EVs, this would hopefully encourage the 
development of a prototype charging module to test ease of 
use for customers as consumer involvement is essential to the 
success of electric vehicle integration into the smart grid. 
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